Effects of artificial acid rain on water tree in crosslinked polyethylene insulation material by Jaruman, Shudermawan
vii 
 
 
 
 
 
 
TABLE OF CONTENTS 
 
 
 
 
CHAPTER TITLE PAGE 
  
DECLARATION 
DEDICATION 
ACKNOWLEDGEMENTS 
ABSTRACT 
ABSTRAK 
TABLE OF CONTENTS  
LIST OF TABLES  
LIST OF FIGURES  
LIST OF SYMBOLS 
LIST OF APPENDICES 
 
 
ii 
iii 
iv 
v 
vi 
vii 
x 
xi 
xiii 
xiv 
1 INTRODUCTION ON WATER TREE 
1.1 Introduction 
1.2 Objectives 
1.3 Scope of Work 
1.4 Methodology and Project Planning 
 
 
1 
2 
3 
3 
2 LITERATURE REVIEW 
2.1  Introduction 
2.2  Water Trees 
            2.2.1 Water Tree Initiation and Growth  
Mechanism 
2.2.2 Ageing Conditions 
2.2.3    Characteristics of Water Tree 
 
 
5 
6 
7 
 
8 
9 
viii 
 
2.3 Factors Affecting the Initiation and Growth of   
            Water Trees 
2.4  Water Tree Test Consideration 
2.4.1  Correlation 
2.4.2  Time 
2.4.3  Accuracy 
2.5  Crosslinked Polyethylene (XLPE) 
2.6  Acid Rain 
 
10 
 
12 
13 
13 
14 
15 
17 
 
3 EXPERIMENTAL SETUP 
3.1  Introduction 
3.2  XLPE Samples Preparation  
3.3  Test Apparatus 
3.3.1  Test Cell 
3.4  Artificial acid rain solution 
3.5  Ageing Test 
 
 
18 
19 
21 
21 
25 
25 
 
4 
 
 
RESULT, ANALYSIS AND DISCUSSION 
4.1  Results 
4.1.1  Data Collected  
4.1.2  Measurement of Water Trees. 
4.1.2.1 Water Trees in S1 
4.1.2.2 Water Trees in S2 
4.1.2.3 Water Trees in S3 
4.1.2.4 Water Trees in S4 
4.1.2.5 Water Trees in S5 
 
4.2  Analysis and Discussion 
4.2.1  Comparison between S1, S2 and S3 
4.2.2  Comparison between S4 and S5  
 
 
28 
28 
33 
34 
35 
36 
37 
38 
 
39 
40 
43 
 
 
 
 
 
 
ix 
 
5 CONCLUSION AND FUTURE WORK 
5.1  Conclusion 
5.2  Future Work 
 
 
45 
46 
REFERENCES 48 
Appendices A - B 51 - 52
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
x 
 
 
 
 
 
 
LIST OF TABLES 
 
 
 
 
TABLE NO. TITLE PAGE 
 
2.1 
3.1 
4.1 
4.2 
4.3 
4.4 
4.5 
4.6 
4.7 
4.8 
 
Three classes of ageing condition 
Label for solution level 
Temperature changes at test cup 
Calculated electric field Ep for every needle 
Length l and width w of water trees for S1 
Length l and width w of water trees for S2 
Length l and width w of water trees for S3 
Length l and width w of water trees for S4 
Length l and width w of water trees for S5 
Summary of water tree measurement 
 
9 
26 
30 
32 
34 
35 
36 
37 
39 
39 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
xi 
 
 
 
 
 
 
LIST OF FIGURES 
 
 
 
 
FIGURE NO. TITLE PAGE 
 
2.1 
2.2 
2.3 
3.1 
 
 
3.2 
3.3 
3.4 
3.5 
3.6 
3.7 
3.8 
4.1 
4.2 
 
4.3 
4.4 
4.5 
4.6 
4.7 
4.8 
 
 
 
Types of Water Trees a) Bow tie b) Vented 
Polyethylene molecular structure 
Crosslinked Polyethylene molecular structure 
Crosslinked Polyethylene Sample Preparation (a) 
XLPE pellet in a Moulding (b) Compression 
Moulding Machine (c) XLPE plaque (d) Drying oven 
Sample Block Dimension 
Test Cell 
Dimensional drawing of test cell 
Drawing of the test cell 
Actual test equipment set 
Test cell arrangement 
Experimental setup 
Temperature changes at test cup 
Needle (after experiment) with rust and corrosion. (a) 
pH 1 (b)pH 2 (c) pH 3 (d) pH 4 (e) pH 5 
Bow-tie water tree in S1 
Bow-tie water tree in S2 
Bow-tie water tree in S3 
Bow-tie water tree in S4 
Bow-tie water tree in S5 
The growth of water tree in three level of artificial 
acid rain 
 
 
7 
15 
16 
20 
 
 
21 
22 
22 
24 
24 
26 
27 
29 
31 
 
34 
35 
36 
37 
38 
40 
 
 
xii 
 
4.9 
 
4.10 
 
4.11 
Relationship between growths of water with electric 
field 
The growth of water tree in S4 and S5 influence with 
temperature 
Water tree growth over electric field at S4 and S5 
42 
 
43 
 
44 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
xiii 
 
 
 
 
 
 
LIST OF SYMBOLS 
 
 
 
 
d 
l 
w 
Ep 
r 
U 
avg 
 
- 
- 
- 
- 
- 
- 
- 
Distance between tip of needle and XLPE sample 
Length 
Width 
Electric field 
Radius of curvature 
Voltage applied 
Average 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
xiv 
 
 
 
 
 
 
LIST OF APPENDICES 
 
 
 
 
APPENDIX 
 
TITLE  PAGE 
A 
B 
Project Methodology 
Project Planning 
 51 
52 
 
 
 
 
 
